We have studied the prospects of using the Drell-Yan dilepton process in pion-nucleus collisions as a novel input in the global analysis of nuclear parton distribution functions (nPDFs). In a NLO QCD framework, we find the measured nuclear cross-section ratios from the NA3, NA10 and E615 experiments to be largely insensitive to the pion parton distributions and also compatible with the EPS09 and nCTEQ15 nPDFs. These data sets can thus be, and in EPPS16 have been, included in global nPDF analyses without introducing significant new theoretical uncertainties or tension with the other data. In particular, we explore the constraining power of these data sets on the possible flavour asymmetry in the valence-quark nuclear modifications. Moreover, using the COMPASS kinematics we present predictions for pion charge-difference ratio, a new measurable which could help to further constrain this asymmetry.
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Introduction
An open and topical subject in the field of nuclear parton distribution functions (nPDFs) is the flavour dependence of quark nuclear modifications. In the past, due to lack of constraining data, most analyses assumed identical modifications for valence quarks (and separately for light sea quarks) at the parametrization scale. While no conflict with this assumption has been observed, the amount of allowed flavour asymmetry in the quark distributions is of particular interest e.g. when making predictions for observables such as the electroweak boson production at the LHC, which are sensitive to this asymmetry.
Here, we review the findings of our study [1] based on the EPS09 [3] and nCTEQ15 [4] nPDFs on the prospects of using pion-nucleus Drell-Yan (DY) dilepton data to constrain the flavour dependence. We also show comparisons with the recent EPPS16 [5] fit, where the considered DY data have been used as an input. In addition, we propose a new observable, a pion charge-difference ratio, which promises to have a good sensitivity to the flavour separation of valence modifications.
Applicability of the available data sets
We consider here the following nu- clear cross-section ratios, differential in
e −y , where M, y are the invariant mass and rapidity of the lepton pair,
as provided by the NA3 [6] , NA10 [7] and E615 [8] experiments. Assuming isospin (IS) and charge-conjugation (CC) symmetry between π + and π − , we see that the quark distributions in charged pions are related with
=d π − . Now, in the kinematical limit where the pion sea quarks can be neglected, the leading order (LO) approximation for a narrowenough invariant mass bin gives
i.e. the dependence on pion PDFs essentially cancels in the above ratios [2] . We have verified that this cancellation works well also at the next-to-leading order (NLO) level. This can be seen from Figure 1 , where the results from the GRV [9] and SMRS [10] pion PDFs are compared. This is important, as it indicates that these data can be included in a global nPDF fit without imposing significant new theoretical uncertainties from the pion structure. Results with the EPS09 and nCTEQ15 nPDFs [1] . The EPS09 results are obtained using the CT14 [11] proton baseline PDFs. We show here also the predictions with the nCTEQ15 error sets 25 and 26.
has to take into account the isospin correction and the systematic overall normalization uncertainty in the NA10 data sets. The technical details on this matter can be found in Ref.
[1], we simply note here that after correcting the NLO predictions with
and accounting for the data normalization uncertainty ("normalizing to data"), both EPS09 and nCTEQ15 are in a good agreement with the measurements, as is evident from Figure 2 , indicating that here is no tension between these measurements and other data used in the two analyses. 1 
Comparison of nPDF results
While the data are well described by both EPS09 and nCTEQ15, these nPDFs have large differences in their uncertainty estimates. To understand where this comes from, we have plotted in Figure Here
is the nuclear modification of the distribution of a parton flavour i in a bound proton in nucleus A compared to that of a free proton. The clear separation in the predictions with these two sets shows that the studied observables are sensitive to mutual differences in valence quark nuclear modifications. This is best understood in the context of the R − W/D ratio measured by NA10. For large x 2 only valence quarks in nuclei contribute and in the LO approximation we have
Here, the first term in the sum is the nuclear modification of an average valence quark in an isoscalar nucleus. The sensitivity to the valence asymmetry comes from the second term and is limited by the amount of neutron excess (non-isoscalarity) in the nucleus. We find the nCTEQ15 error bands to be large since in their analysis the flavour dependence was allowed, but not well constrained. Conversely, the EPS09 error sets underestimate the true uncertainty because the flavour dependence of valence quark nuclear modifications was not allowed. We also observe that the predictions with the nCTEQ15 error set 25 do not reproduce the slope of the NA10 data particularly well. This indicates such a large asymmetry to be unlikely.
Motivated by the above results, these data were used in the new EPPS16 analysis, where both valence flavours were allowed to vary independently. The results, as shown in Figure 3 , are similar to EPS09, but with larger errors, as is expected for having more freedom in the fit. Compared to nCTEQ15 there is a reduction in error estimates. This, however, is not due to the pion-nucleus Drell-Yan data, as at the moment more stringent constraints come from neutrino-induced deep inelastic scattering (DIS) together with the proper treatment of isoscalar corrections in charged-lepton DIS data, as explained in Ref. [5] . Thus, while the DY observables considered here could in principle constrain the valence asymmetry, the available data is not precise enough for this.
New observable
The approximation in Equation (2.2) required us to be in a kinematical region where pion sea quarks do not give a significant contribution to the cross-section (i.e. at large x 1 ≡ M √ s e y ). This restriction can be avoided by considering the ratio of the difference of the negative and positive charged pion cross-sections
In LO all sea quark contributions cancel, and hence this ratio depends only on nuclear valence distributions
When A 2 = D, we can write this as
where we notice a factor 5/3 increase in the non-isoscalar part compared to Equation (3.1). This promises an enhanced sensitivity to the valence asymmetry. In Figure 4 we plot predictions for the suggested pion charge-difference ratio with beam energy and acceptances available at the COMPASS experiment [12, 13] . Indeed, in contrast to EPS09, for which
by construction, we find large error bands for both EPPS16 and nCTEQ15; a measurement could help to reduce these. Figure 4 : Predictions for the pion charge-difference ratio using the COMPASS kinematics.
Summary
We have considered here the prospects of using the Drell-Yan dilepton process in pion-nucleus collisions as a novel input in the global analysis of nPDFs and the possible impact on flavour asymmetry of valence quarks. We have found the data from the NA3, NA10 and E615 experiments to be compatible with modern nPDFs. These data can thus be used in global analyses without causing significant tension with other data. This has been recently realized in the EPPS16 analysis. The cross-section ratios are largely independent of the pion PDFs and hence the inclusion of these data in global nPDFs fits does not impose significant new biases. While we find the available data to be consistent with flavour-symmetric valence modifications, the statistical precision is not high enough to give meaningful constraints for the asymmetry. To this end, we propose a new observable to be measured.
